Introduction
Cowden syndrome (CS) is a rare autosomal dominant tumor syndrome first described in 1963 by Lloyd and Dennis.
1 It is a unique multisystem genetic disease characterized by multiple hamartomas. Cowden syndrome has been most commonly linked to mutations and deletions of PTEN (phosphatase and tensin homologue). [2] [3] [4] Other germline mutations found to be responsible for the phenotype include SDHD, SDHB, and KILLIN. The most common clinical manifestations include: frequent skin tags and polyps, breast papilloma, follicular thyroid cancer, and gastrointestinal tract hamartomas. To date, there has been no single genetic mutation linked to Cowden syndrome. It remains a clinical diagnosis based upon known constellation of objective findings.
4
Even in the absence of a common mutation, most germline mutations associated with clinically diagnosed Cowden syndrome tend to involve activation and function of PTEN.
Overall, 80% of all the cases are related to PTEN mutations or deletions. 2 Accounting for approximately 10% of all cases of Cowden syndrome, SDHB and SDHD belong to the succinate dehydrogenase enzyme family. 5 Mutations in these genes are thought to produce a Cowden syndrome phenotype by their effect on PTEN. When present, these mutations cause the protein to accumulate in the nucleus, causing a functional deficiency of PTEN in the cytoplasm. In contrast, changes in KILLIN expression relevant to Cowden syndrome are thought to be the result of hypermethylation of a promoter common to both KILLIN and PTEN. 6 The effects of this change lead to failure to activate p53 proapoptotic pathways and PTEN expression and function is relatively unaffected. The overall incidence of central nervous system neoplasms and hamartomas associated with Cowden syndrome is poorly characterized due to small series numbers but may be as high as 35%. 7 Neurological features linked to Cowden syndrome include dysplastic gangliocytoma of the cerebellum
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Background Cowden syndrome is a rare, multisystem disease manifesting with increased hamartomas and neoplasms. Though meningioma has been documented in patients with Cowden syndrome, the relationship between these two phenomena is still unclear.
Case Description We report a case of a 43-year-old female patient with a known PTEN mutation and clinical history of Cowden syndrome. A workup of headache demonstrated two skull base meningiomas. At the time of surgery, several additional tiny meningiomas were detected in the same region.
Conclusions The development of multiple meningiomas in a patient with predisposition for tumor is more than coincidental. Though PTEN mutations and deletions have not been shown to be critical for meningioma development, this case challenges that conclusion. In light of recent genetic advances in meningioma molecular pathogenesis, the role of the PTEN/AKT/PI3K pathway is discussed.
(Lhermitte-Duclos disease), macrocephaly, autism spectrum disorder, and intracranial vascular abnormalities. 4, 7 Lhermitte-Duclos disease has the most commonly documented association with Cowden syndrome but the role of PTEN in its etiology is still unclear.
In this report, we describe a case of multiple meningiomas with brain invasion in a patient with Cowden syndrome. The development of multiple tumors of the same cell origin in the setting of a germline mutation strengthens the argument of a relationship between the PTEN/AKT/PI3K pathway and meningioma tumorigenesis.
Case History Presentation
The patient is a 43-year-old female with a medical history significant for multiple breast papillomas, follicular thyroid carcinoma (with resection and postoperative radiation therapy), gastric and colon polyps, innumerous skin tags, and metabolic syndrome. In response to her history of multiple primary neoplasms, she was referred to medical genetics and found to be a heterozygote for the R335X mutation in exon 8 of PTEN and ultimately diagnosed with Cowden syndrome. One year before presentation in neurosurgery clinic, she had sought medical attention for new-onset severe headache with retroorbital pain. Workup of this complaint demonstrated two dural-based lesions superior to the left orbital roof that increased in size over a period of 12 months (►Fig. 1A).
Examination
On presentation, the patient was noted to be obese, but well appearing with numerous skin tags and nodules throughout her scalp, neck, and extremities. Her visual acuity in the right eye was 20/30 and 20/50 in the left. Visual fields were grossly full to confrontation. She was otherwise neurologically intact.
Surgical Procedure
The enlarging subfrontal paraoptic lesions were removed via a left orbitofrontal approach. The larger of the two lesions was encountered almost immediately upon exposure and removed en bloc. Exploration of the anterior fossa and external cavernous sinus revealed multiple small neoplasms, consistent in appearance with meningioma. One lesion was in direct contact with the left optic nerve and was causing compression. For several of the lesions, the border between the brain and tumor was indistinct. In total, five separate lesions were removed with no evidence of additional or residual tumor.
Pathology
Microscopically, the pathological diagnosis was meningioma. Sections demonstrated a moderately cellular tumor composed of a monomorphic population of meningothelial tumor cells forming whorls and lobules (►Fig. 2). The cells had ovoid nuclei with regular contours, eosinophilic cytoplasm, with rare nuclear pseudoinclusions but numerous psammoma bodies. Few mitotic figures were observed. However, in contrast to these benign findings, adherent brain parenchyma was also found. Sections of these areas demonstrated islands of tumor cells surrounded by gliotic brain parenchyma, which was consistent with brain invasion. The tumor was eventually given the category of the World Health Organization (WHO) grade II with brain invasion. 
Postoperative Course
Clinically, the patient tolerated surgery well and the visual acuity of her left eye improved to 20/25. A postoperative magnetic resonance imaging obtained at 3 months after surgery demonstrated complete resection of the lesions (►Fig. 1B). Additionally, no new lesions were identified. Given the multiplicity of the tumors, regular follow-up imaging is planned.
Discussion
The clinical manifestation of Cowden syndrome continues to evolve as the complex genetic relationships underlying its manifestations are clarified. In this case report, we describe a unique presentation of Cowden syndrome with multiple meningiomas with atypical features. The genetic implications of these findings raise questions not only about Cowden syndrome, but about the genetic basis of meningioma pathogenesis as well.
Genetic
As a mediator of cell cycle arrest and apoptosis, PTEN has been shown to play a critical role in tumorigenesis and suppression.
8 PTEN is a lipid and protein phosphatase with varied roles in cell cycle regulation and DNA repair that appear to be dependent on molecular microenvironment. Interestingly, the exact role that the protein PTEN plays in these higher grade tumors is still poorly understood and may be related to the function of PTEN in the nucleus.
8,16
Recent work in the field of meningioma genomics has uncovered several driver mutations of low-grade tumors and demonstrated interesting linkage between the mutation and tumor location.
17 AKT1 mutations with associated activation of the AKT/PI3K pathway were discovered in a significant number of meningiomas. 17, 18 Many of these tumors were not associated with NF2 mutations and they generally localized to the midline anterior fossa, planum sphenoidale, and clivus.
17
AKT1 mutations were found in low-and high-grade tumors, and so the significance of this mutation as a forbearer of malignancy is unclear.
17,19
While there have been reports of Cowden syndrome patients with meningioma, it is uncommon to observe multiple tumors of the same cell line in close proximity (see ►Table 1). In spite of their rarity, there are some trends that emerge when reviewing the literature of these cases. The demographic had a lower predominance of females than typical meningiomas and patients tended to be younger at presentation. A higher percentage of patients were males than typically observed with meningioma and patients tended to be younger at presentation. Coincident dysplastic gangliocytoma was also frequently observed.
Meningiomas represent a heterogeneous group of tumors with a diverse array of underlying mutations. Historically, it has been difficult to separate which mutations drive tumor development from those occurring by chance. PTEN deletion has not been associated as a significant factor in meningioma development but recent work has highlighted the potential importance of PTEN/AKT/PI3K pathway in a subset of tumors. 19 Perhaps, in the setting of inherent dysfunction of this pathway as in Cowden syndrome, multiple distinct tumors around the planum sphenoidale could be expected. However, the impact of this pathway upregulation on tumor atypia and recurrence is still unclear. This case is of clinical interest because it fits within our current understanding of meningioma genetics, but also introduces several important questions. First, if we accept that patients with Cowden syndrome develop meningiomas with increased frequency, do these tumors only arise from specific locations in the skull? This would be most concordant with the theory that driver mutation influences tumor location and that PTEN loss of heterozygosity is important for tumor development. Second, does the frequency of recurrent meningioma in Cowden syndrome reflect an increased likelihood of malignancy or does it simply represent a predisposition for tumor development? Finally, what is the role of radiation and chemotherapy in these patients? Dedicated study of Cowden syndrome may enhance our understanding of meningioma development and treatment due to a common mutagenic pathway.
